INTRODUCTION
The physical activity of daily living is inadequate for maintenance of proper physical fitness. 1 Various sports activities are therefore recommended especially for wheelchair-bound handicapped individuals. Ludwig Guttmann started wheelchair basketball in 1944 through a rehabilitation program at Stoke Mandeville Hospital in England, by adapting the existing sport to wheelchair use. Today, wheelchair basketball is one of the major sports practiced by individuals with disability, with over 1000 players participating.
Recently, Pedersen et al. 2 identified skeletal muscle as an endocrine organ that secretes cytokines and other peptides. Molecules mediating these endocrine effects are classified as 'myokines.' The first identified and most studied myokine is interleukin-6 (IL-6). IL-6 is markedly upregulated and released during the post-exercise period, and is known to enhance lipid oxidation, improve insulin-stimulated glucose uptake, and has anti-inflammatory effects. 2, 3 The magnitude of post-exercise rise in plasma IL-6 correlates with the exercise duration and intensity, the muscle mass involved in the mechanical work, and the endurance capacity of the muscle. 2, 3 Recently, we reported that arm crank ergometer exercise in laboratory settings induced an increase in plasma IL-6 in people with spinal cord injury (SCI). 4 However, the study showed data generated from a laboratory-based setting, and thus the response of IL-6 to actual sport conducted in the field remains unknown at this stage. Several persons with SCI participated in the Mei-shin League of Wheelchair Basketball Games held at Wakayama City in 2009. We had the opportunity at that time to collect and analyze blood samples from these athletes. The present preliminary study investigated changes in plasma IL-6 immediately after wheelchair basketball game in persons with SCI.
SUBJECTS AND METHODS Subjects
Five wheelchair basketball players with SCI voluntarily participated in this study. All subjects participated in the Mei-shin League of Wheelchair Basketball Games in 2009, and were healthy except for their SCI-related medical problems. Only five players consented to participate in this study as the other players considered such participation a distraction from the competition or could influence their performance. The study subjects were considered true representatives of the wheelchair basketball players participating in the games since they had partaken basketball training 2 days per 1 week for 41 year. The mean age of the subjects was 32.8±7.6 years (mean±s.d.; range, 26-45 years) The levels of spinal lesion and ASIA scale in the five subjects were T11, T11, T7, T12, T10, and C, C, A, C, C, respectively. The human ethics committee of Wakayama Medical University approved this study and written informed consent was obtained from each subject.
Study protocol
Blood sampling was conducted in every subject near the basketball court approximately 1 h before the game warm-up time. All subjects subsequently joined the game of basketball, the actual play duration time for each individual are listed in Table 1 . The game of basketball includes four quarter per game, with 10 min for each quarter. Subject A played with the team during the first quarter, half of the third quarter and fourth quarter. Subjects B and E played only in the fourth quarter, while subjects C and D played in each of the four quarters. Immediately after the game, blood samples were again taken from all subjects to measure IL-6, tumor necrosis factor-a (TNF-a), C-reactive protein (CRP) and blood cell counts.
Measurements
IL-6 and TNF-a were measured by enzyme-linked immunosorbent assay kit. CRP was measured by the latex nephelometry method. Total blood cell counts were determined using a cell counter. Each measurement was performed in duplicate.
Statistical analysis
Data were expressed as mean±s.d. Pre-and post-game results were compared using a Wilcoxon signed-rank test. Pearson's correlation was used to assess the statistical correlation between IL-6 and number of monocytes or IL-6 and play duration. All statistical outcomes were considered significant at Po0.05. We calculated the statistical power and the necessary sample size to detect the difference as observed in this study. The statistical power was 59%, and the sample size of 7 was necessary to achieve 80% power. For this reason, the results of this study should be viewed as preliminary in nature.
RESULTS
Plasma IL-6 and monocyte numbers were significantly increased immediately after exercise in all subjects (Table 1) , but TNF-a and CRP showed no changes after the game. Red blood cell count, hematocrit, hemoglobin and white blood cell count were not different immediately after the game compared with pre-game results. The results showed a significant relationship between exercise-induced increases in IL-6 and accumulated play duration (Figure 1 ), although the IL-6 changes did not correlate significantly with the increased number of monocytes.
DISCUSSION
The major findings of this study were as follows: (1) significant increases in plasma IL-6 levels and number of peripheral blood monocytes in individuals with SCI immediately after a single game of wheelchair basketball; (2) no significant change in TNF-a and CRP; and (3) the exercise-induced increase in IL-6 correlated significantly with accumulated play duration. We reported previously that IL-6 did not change during 5-h sitting at rest. 4 Thus, this study presents the first evidence that playing a wheelchair basketball game induces a significant increase in IL-6, but not in TNF-a and CRP levels, in persons with SCI.
Recently, we reported that arm crank ergometer exercise in laboratory settings induced an increase in plasma IL-6 in people with SCI. 4 In comparison, wheelchair basketball is intensive and contact sport. All players make maximal muscle contraction continuously to stop and move the wheelchair, in addition to playing the game. Thus, the exercise performed during wheelchair basketball game is quantitatively and qualitatively different from arm crank ergometer exercise in laboratory settings.
We demonstrated in a previous study that IL-6 did not increase significantly after 20-min arm crank ergometer exercise in subjects with cervical SCI. 5 However, in this study, IL-6 increased significantly after about similar or shorter basketball play in SCI. These differences might be related to differences in the muscle mass of the participating subjects in the two studies, or to the period of training each group had undergone before the study.
The lack of change in TNF-a and CRP levels throughout the study suggested that the exercise-induced rise in IL-6 was not related to exercise-induced inflammatory response. In addition, the associated increase in the number of monocytes did not correlate with exerciseinduced IL-6 changes, negating monocytes as the source of IL-6. Although the exact reason for the increased number of monocytes is not clear in this preliminary study, it could represent the effect of the intensive exercise on the hemodynamics and their release from the vascular endothelium. On the other hand, the significant relationship between IL-6 levels and accumulated play duration implicated contracting muscles as the source of increased IL-6 production. Pedersen et al. 2, 3 reported that IL-6 induced by muscle contraction promote the health of able-bodied persons. Extension of these results to our disabled individuals suggests that wheelchair basketball could promote the health of SCI subjects.
In this study, blood samples were obtained just before and immediately after the game. In other words, our results describe the acute changes in IL-6 after basketball game. However, we reported previously that an increase in IL-6 peaked at 2 h after rather than immediately after arm crank ergometer exercise in people with SCI subjects. 4 Thus, it is plausible that IL-6 continues to increase for a few Figure 1 Relationship between exercise-induced IL-6 levels and accumulated play duration. The relationship was significant.
IL-6 during wheelchair basketball T Kinoshita et al hours after the end of wheelchair basketball game. Serial blood samples would allow examining the temporal profile of changes in IL-6 after playing the basketball game. However, this proved difficult in the actual setting, as the players were quarantined by their coach for the next game. Further studies are needed to confirm and support the study findings.
CONCLUSION
This study demonstrated a significant increase in plasma IL-6 levels immediately after the wheelchair basketball game in individuals with SCI. This finding suggests that wheelchair basketball could promote the health of SCI subjects through the activation of IL-6.
